Quantifying the effects of heating temperature, and combined effects of heating medium pH and recovery medium pH on the heat resistance of Salmonella typhimurium pH': recovery medium pH.
31
T*: reference temperature fixed at 60°C.
32
pH*: reference pH of the heating medium fixed to 7 .
33 pH' opt : recovery medium:pH corresponding to the maximal apparent bacterial heat resistance.
34
z T : distance of T from T* which leads to a ten fold reduction in δ-value z T quantifies the 35 influence of the heating temperature on the bacterial heat resistance.
36
z pH : distance of pH from pH* which leads to a ten fold reduction in δ-value z pH quantifies the 37 influence of the pH of the heating medium on the bacterial heat resistance.
38
z' pH : distance of pH' from pH' opt , which leads a ten fold reduction in apparent δ -value. z' pH 39
Introduction

45
Salmonellae continue to be a major public health setting a great problem to the food industry.
46
These bacterial species appear in a wide variety of foods and food ingredients. shift from an optimum (Cook and Brown, 1965) . However, as far as we know, the influence 59 of the recovery medium pH on the apparent heat resistance of Salmonella species has never 60 been described. A decrease of pH of the heating medium or of the recovery medium both 61 reduces the bacterial heat resistance (Couvert, Leguérinel & Mafart, 1999 
Materials and methods
72
Strain and culturing conditions
73
The studied strain was Salmonella typhimurium ATCC 13311 (NCTC 74). Cultures were 74 stored in cryotube in mixing nutrient broth 50% glycerol 50% at -70°C.
75
The basic heating medium was tryptone salt broth (10g/l tryptone USP (Biokar Diagnostics,
76
A1401HA) and 10g/l NaCl). The pH was adjusted with addition of H 2 SO 4 and sterilised by 77 filtration through 0.22µm porosity filter.
78
The recovery medium was nutrient agar (Biokar Diagnostics, BK021HA were broken at both ends and their contents poured into a tube containing 9 ml sterile tryptone 91 salt broth (Biokar Diagnostics, BK014HA) by rinsing with 0.9 ml tryptone salt broth.
92
Diagnostics, BK021HA) and incubated at 37°C for 48h.
94
Experimental design
95
To determine survival kinetic parameters, bacteria, for each sample corresponding to different 96 heating times, were counted on nutrient agar plates.
97
Heating temperatures applied were 53, 55, 57 and 59°C (heating and recovery media pH equal 98 7). For studying the effect of pH, a complete factorial design was implemented according to 99 the following levels of pH of the heating medium: (7, 6.5, 6, 5.3, 5, 4.4 and 3.8) was practically independent of the heating temperature and the pH of the heating medium.
123
The conclusion of these studies leads us to determine a single average shape parameter value 124 for a set of kinetics.
125
The δ value, first decimal reduction time, is highly influenced by heating temperature. The 126 classical Bigelow model was used to describe the influence of heating temperature on the δ 127 with the conventional z T value.
128
The effect of the pH of the heating medium and the pH' of the recovery medium on the heat 
135
In a second time a single shape parameter p value was estimated from the corresponding 136 whole set of experimental kinetics and from set of kinetics taken from the literature. Scale 
142
The parameter values and their associated confidence interval were estimated by using a non- The influences of the heating temperature, the pH of the heating and of the recovery medium Then, a single average p value was estimated, regardless of the heating temperature, the pH of 160 the heating and of the recovery medium. The three parameters (N 0 , δ and p) were globally 161 estimated from the whole set of data by using the least square regression method (nlinfit 162 Matlab 6.1). The single p value estimated from our set of data (1.677 ± 0.065) is close to the p 163 value estimated from other sets of data from literature for the same Salmonellae species:
1.648 ± 0.313 (Jäckle et al.,1987) (Table 4) . Concerning the effect of the pH of the recovery medium, the z' pH value (3.6) indicates a 212 higher influence of this factor than that of the heating medium pH. It is generally accepted that the pH of the recovery medium exerts a large influence on the apparent heat resistance of example, compared to a heat treatment in food at pH 7, a heat treatment for Salmonella 224 typhimurium in food at pH 5, could reduce the heating time to a 3.5 ratio, or, with the same 225 heating time, could reduce the heating temperature of 2.25°C with the same lethal efficiency.
226
In practice, to ensure safety of acid foods, heating pH is the pH of food before heat treatment.
227
Because foods represent both the heating and the recovery medium, the input recovery pH is 228 likely to keep the value of the heating pH. However, it frequently occurs that a decrease of 229 food pH is observed during the heat treatment. In this case, for safety reasons, it is 230 recommended to retain the value of the pH which is measured immediately after the heat 231 treatment.
232
This work confirms the impact of low recovery medium pH on the apparent heat resistance. Table 5   426  427  428  429  430  431  432 
